The subspace Hamiltonian technique, introduced several years ago, has proved convenient for determining bound states and resonances associated with surfaces and defects. Here we discuss the extension of this technique to other problems, including total-energy calculations and real-time computer simulations. %e prove several theorems and report numerical calculations that help to explain the usefulness of the technique in practical applications.
I. INTRODUCTION
Green's-function methods are useful for at least two reasons: (1) They often allow an N-dimensional problem to be reduced to an n-dimenstona1 one, where N is large (or infinite) and n is small (or at least finite). (2) They allow many-body effects to be included. where 6", 6', 6 ', and 6 are, respectively, n Xn, 
In these last equations, we have reverted to writing GD'
for Go. Notice that the energy dependence of H, "b and the E; arises from the coupling of the subspace 1 to the external space 2 via the Green's functions Go and Go'.
If this coupling is turned off, H, "b and the E; become constant with respect to variations in the energy E.
For energies lying within the bulk bands, aE, (E), aH, ", (E) =g;(E) f;(E),
At this point we are still allowing g (E) and H, "b(E) to be non-Hermitian, so that the right eigenvectors 1(; of (2.5) and the left eigenvectors P; of (3.4) must be distinguished, and E; is, in general, complex. Inner products are, of course, implied in equations like (2.5), (3.4), and (3.3). Equation (3.3) follows from
Since the right-hand side of (3.12b) has the form -~lp( 3.1) follows immediately.
Notice that we could have used 6 rather than 60 in the derivation (3.2) -(3.12). That is, (3.1) is true in general [so long as G(E) is Hermitian], and not just for systems described by (2.7).
IV. THEOREM 2: H,"b(E)~H as~E~~a&
In this section we prove that and the normalization condition According to the argument in the first paragraph of this section, we are allowed to deform the contour of (6.6):
b, E= J ri(E)dE, (6.12) where C begins at some real energy E, well below the band energies of interest, follows a path in the complex plane above the real axis and well removed from these band energies, and then descends from some complex energy to the real axis at the Fermi energy EF. For example, C may consist of the straight line segments (E"O) to (E"E(,), (E"Es), to (Er,E(, ) , and (EF,Et, ) to (Er, O).
According to (4.1), (6 IO) will b.e a good approximation for all energies on C, except those on the final part of the final segment as E descends to EF.
If Ci is the large contour along which (6.10) is a good approximation -i.e. , along which for ! E!large, (6.10) where the e; are the eigenvalues of the ( -13,0) to ( -13,10) to (1.6,10) to (1.6,0) , where the first number in parentheses is the real part of E, the second is the imaginary part, and both are given in eV. Notice that ReE;(E) is nearly constant around the contour until the real axis is approached at E = 1.6 (an energy very near the conduction-band edge E, = 1.55 eV -i.e. , very near the Fermi energy EF for degenerately doped n-type GaAs). 
